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ABSTRACT 

In order to understand learners and players in . 
relation to environments typically found in sport. It is necessary to ^ 
first understand the, iijdividual as an information processor who must 
sample informatign ^fom the environment, interpret it, organize or 
:y select an appropriate motor response, and execute that response. One 
of the most difficult .processing tasks in sport is motion prediction. 
To examine motion prediction it is vnecessary to consider factors 
ai)out the individual, the environment^ and cliaracteristics of the 
object, which affect the successful completion o£ the goal. The 
factors about the individual which necessitate prediction are . 
^ processing, delays, movement organizajtion, reaction time, and 
* movement time. It is also necessary to consider other variables such 
, as deptii perception, just noticeable difference, age, and experience^ 
Aspects of the environment which affect performance are the number of 
^ pot^entially relevant stimuli,, in the environment, the placement of 
-stimuli in the. environment, the size of the display, the complexity 
of the background, the signal*to-noise ratio, and- the degree of 
prominance of the regulatory stimuli. It is also possible to make 
some tentative statements on the effect of object characteristics on 
performance. Variables which may be considered are speed, direction, 
angle, viewing time, prediction distaiice,^ and object flight 
^ characteristics. Knowledge of the characteristics and effects of 

these three factors should aid teagheirs in facilitating learning and ^ 
performance in skills. (BD) 

... i ' ■ : 

* Doduments acguired by EEIC inclWde many informal unpublished * " 

* m^ter^als not available ffom other sources. ERIC makes every effort^* 

* to obtain the best copy available, nejrertheless, items of marginal * 

* reproducibility are often encountered and this affects the quality * 

* of the microfiche. and hardcopy reproductions ERIC makes available * 

* via the ERIC Document Reproduction Service (EDRS) . . EDRS is not * 
♦^responsible for the quality -of the original document, Reproductions * 

* supplied by EDRS are the best that can be made from the original. ♦ 

ERIC ; r 



BD til 765 

^UTHOE ■ 
■ TITLE 

PUB HATfi 
NOTE 

- ■ - ' \ 

EDBS ^B.ICE 
DESCRIPTOfiS 



AN IKFOmTIOH EROCESSDIG APPROACH TO SKILI, AGQUISITIOW: 
PERCEPTIOU AHD TIMDIG* 



• Dr* Anne L. Rothstein . 
Department of Dance, HealtTa» Physical Eaucation>; and Recreation 

Her))ert H. Lehman College 
Bedford Park BouleYBTd VTest / 
Bronx, Nev York* 10it68 



U.S. OEPARTMENTOF HEALTH. 
EOJU CATION ft WELFARE 
NATIONAL INST^TUTE OF 
EDUCATION 

THIS OOCUMENT"^ HAS B^EN REPRO 
OXJCEO EXACTl^Y AS RECEIVED FROM 
THE PERSON OR ORGANIZATION ORIGIN , 
ATING IT POInYs OF VIEW OR OPINIONS 
STATED DO NOT NECESSARILY REPRE 
SENT OFFICIAL NATIONAL INSTITUTE OF 
EDUCATION POSITION OR POLICY 



' paper presghted at the 
Conference of the American Alliance for 
Health, Physical Education, and Recreation 

«^ 

■ Atlaavtic City, New Jersey 

Jferch 17, 1975 



An Information Processing Approach to Skill Acquis Itign; 
Perception and Timing 

Introduction ^ . 

In order to understand learners and players in relation to environments- 
typically fouhd in sport , ve AmSt first understand the individual as an 
INFOroiATIOH processor; The simplest model of information processing we- can 
ccwSceive of . is. the one proposed "by Whiting (1^69): 

- : . ■■ , 7 '■ ' 

IHPOT T-DECISI0N-14AKpIG .OUTPUT 

The individual receives information from the environment, processes it,* and 

- * , ' ■ - 

comes to some decision, then executes a response, vhich we may observe. 

■ • •■ S - ■ : ■ , • . : • • " ■ ■ » - 

The ebmplexity of the model may "be increased somewhat if the decision-* 
malting segment is expanded in the following way: ^ 

-Decision'-makine 
imPUT C5ER(:jlPTI0N--TRAlISIATI0N--EFFECa?I0II^^ ^-OUTPUT 

In this extension pf the model the individual acquires information from the 
environment 5 interprets it, transforms *it,^plans a motor response, and emits 
that response ./Welford (1968) has suggested that perception involves the 



Integration and identification of sensory input; translation involves choice 
of Response In relation to what is perceived, perceptual-motor match; and 
effection involves the coordination and-phasirig of the movement. 

• /In a f^irther extension of the model, it is possible to add the dimension^ 



\ 



ti^ 



of: short term store, selective filter, long term store, c^ice delay, rehearsal 



loop, and in^formation feedback^ and consider the model culled from Brbadbent, 
Welford^ Ci^ajik and others by-StalljLtigs ( 19J3) ^ ^^^^ presented as Figure 1. 
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Information received from the environment is held in short tel^ 
storage and selectively filtered'', the concepts of Gentile regarding 
regulatory and non-regulatory stimuli are useful here. Information that 
is filtered, or passed thri)ugh, is treated in the limited capacity 
channel, as previously explained ^d.th reference to the expanded version"^ 



of the VJhiting model, but in this instance the plan can "be formulated and ' 

^ . then delayed for a chosen length of time, i.e* selective emission of 

— ^ ' • . 

motor plans in order to match optimal environmental conditions*. Information 
feedback, long -terra store, memory feedback, arfd rehearsal loop ^1 play a 
role^ in -increased efficiency of the system. Through information feedback, 
plans can be modified to meet changing ienvironmental configurati^s or 
^ failures in process j through long term store information is available for 
, use at other times, so plans which have proven effective can be Used again; 

^ " ■ \ ' ' 

the membiy feedback system enables the learner to. -choose "correct" or 

. N 
regulatory stimuli and ignore the "noise" and the rehearsal loop may serve 

* * /■ 

to increase the duration of temporary storage.. 

' * - 

One of the, iaost difficult information processing, tasks in sport, and 
the one which will be focussed upon today, is that of motion prediction. ' *^ 
The type of task which will be considered iS one which take^ place in an 

^ open environment . According to Higgihs and Spaeth (1972) the' catagorization 
of environments as Qpen and closed miist be based on two factors ; the trial 
to trial varia-^ion, and the intra-triual variation in spatial and temporal 
aspects. The motion prediction task? which occur in sport generally havey. 
much variability from trial to trial and since the objects are in -motion 
have within/4;rial variability. In addition, the object may move at a 

- consliant rate of speed or may have variable. motion, acceleration or 
decleration. This consideration of inter and intra -atrial variability has 
been diagrammed .and presented in Figure 2. • 
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r The supposition with the model is that the skill beGomes more 

difficTilt as the skill moves from left to right and from top to bottom. 

Another way of illustrating this has been attempted by Rothstein (1975)^ 

and eseentially separates the space and time factors. The classification 

system becomes highly complex and some of the combinations are somewhat ' 

difficult to find examples f oj^ but most can be produced experimentally. t 

•It seems more realistic in assessing the effect of spatiaMdnd temporal 

variation to. consider them as independent factors. Since the separatinn 

of the space-time factors is essentially an academic exercise and not 

e^fcft^ntial to the:ensxiing discussion, it won't be pursued here. ^ 

In a true open environment! everything varies, including such things '^->^ 

ft 

as number of stimuli, both regulatory and Apn-^regulatoiy, number of 
response choices, and noise-to-signal ratio, anjl^the pigyer-'.muet rely on 
the ability to extract the relevsuit feues and preS^bt. Wiener (1962) 
defines- ration prediction as "an extrapolation to a future (of ai; object')' 
from current information." In a true open skill the goal of the participant 
is to match the movement to the particular characteris-^ics of the 
environment at the instant of response completion . The ^ three crucial 
aspects of -the last sentence with regard to* the ensuing discussion are: 
Match ; particular characteristics , and response completion * 

The performer 'receives, via appropriate sensory channels, various 
stimuli from th§ environment > these stimuli may be relevant (regulatory) 
or irrelevant (non-regulatory) to the skill execution, the. performer must 
select the particular chars^cteristics whigh are regulatoiy and ignore 
others. On tHe basis ;of stimuli attended to the ^ performer must select 
from an existing repetoire, or must plan,'' a response which will match the 
environment as it will be at the completion of the response. After 
selecting the response- which is most appropriate the learner must then 

■ . 7 • 



de'cide/Vhen to initiate that reysponfse. All this must^be a&complisihed 
in *2 sedonSs,,; 

P. Eor tlj^e remainder of" th^S presentation .we v|li be concerned with the 
learner or parti'&ipant as an'i^forma€ion pS^ aample 
information fSrom the^ envir oiiment im<erpret it organize or select an> , 

appropriate motor response^ and execute %hat response so^that its 

- ' • . ♦ / 

completion coincides with the predicted arrivaiL of *the obJecD. In order , 

.' ' ■ ■ " J 'i - •• 

to accomplish this most effectively we 'will consider factors about the 

.. - ■ - t ' I ^ .... 

individual, ''factors about the environment, anfl^ finally characteristics 

' V * I 

of the object which effeci the successful coTt|pletipn of>the ge^.. The 
factors to^be considered under each of these jcatagories are listed in 
Table 1. In addition, for your information; some of \-6he conmionly used 



measures are also indicated ^ Table iJL. 




THE BfDIVIDUAL \ \ " 

Why is it neces&ary for the individual to pre|Rct? What factors abouj 

/ ' ■ . • ' 

the individual effect the ability to predict? What does the individual 
have to do in order to effectively intercept qr strike aA object,:/* 

-It has been intimated that time is co^uraed by selection of information 
from the environment. Once this information jis selected the individual 
must plan or select an appropriate movem^t; this process of decision- 
making takes considerable time. In addition,^ there is "system lag", ^ 
the time from the initiation of the response until its completion, which 
is generally equal to one reaction time (RT,) PiLus one movement time (MT). 

*In the pjecedingj f our factors about the individual which necessitatej;; 
prediction have been identified. They are: processing nielays , movement 
organization; reaction time;; and movement time. Let us consider each 
of these briefly and see how they effect the task confronting our learner. 



' .TABLE l: VARIA^S EFFECTING PEEDICTIOH 



THE IKDIVIDU/iL 



PROCESSING DELAYS 

Tir^ FOR MOVEIvIENT (^ORGANIZATION 

MOVjEMENT TIME 

REACTION TIME 

DEPTH PERCEPTION 

AGE 

EXPERIENCE 

PERSONALITY 

VISUAL FACTORS ^ - 

STRATEGIES 



0 



THE ENVIRONMENT . 

HUMBER OF POTENTIALLY REQUIATORY STIMULI 

POSITION OF "stimuli IN THE ENVIRONMENT 

SIZE OF DISPLAY - 

NOVELTY OF.'DISPLAY 

COMPLEXITY OF BACKGR0UND- r- . - 

SIGNAL-TO-NOISE RATIO 

PROfflNANCE OF REGULATORY STIIIULI 



THE OBJECT 



SPEED ' . 

d;irection - . " . . 

ANGLE 

IrtEtmiG Tllffi 

PREDICTION DISTANCE ^ 
OBJECT i-LIGHT CHARACTERISTICS 

y ' 

COMMON MEASURES ^ • 



visual speed 
ehrceptual 'speed 
teijiporal error 
distaiicb error 
Accuracy ■ 
task accomplishjmtt 
eye fixations 
duration 

^ NUMBER 
- PATTERN 
MOVEMENT ORGAitlZATION 
SPATIAL 
TEMPORAL 



Pi'ocessing delays , . Processing delays may he qaused y>y two sut-f actors: 

■ * . ■ . ^ ■ , ' " ' . , ■ 

■ ■ " * / . 

time lags in the nervous sy'st era, the 'time for information, received via 

o ' ' - . • , 

'the sense organs, to reach the central nervous systeifi; and time to pick- 

*■ .. ■ • . .1 " " . 

up the information frdmnthe display,* There, i^ little, if anything, that 
/the individual can do to change the. inherent transmission time, but the 
time for piqk 9p of information seems to he' related to familiarity and 

i / ... . ■- ■ ' ■ . ^ - . . - ; ' ■;: 

experience in the environment. This latter has heeii recently demonstrated 

' " " ■ ' \, ^- • ' ■ ' ^ / 

hy Bard (197^*) vho 'looked at the number of eye fixations and' the dwation 

an* pattern of eye fixations in a stationery environment. Slides^ of • - 

various haskethall situations were presented ari!^ the ihclivi dual was 

reqtiir^d to indicate whether ;the' most appropriate response, for the 

ball carrier, would he to pas§ ^ drihhle , or shoot. Her findings', some 

of which ar^^-^esented as Figures 3, % and 5, led to the conclusion 

that -^he unskilled players , ^who it was intended, ha^ nc5t learned how to 

look or'wfiat to look at evidenced more eye movements, longer fixations, 

and patterns which were more i^andom that those, of skilled players. It 

was noted, h,owever, that the unskilled players did improve with practice. 

One typi'cal pattern of a skilled and unskiile.d picker on the third ^ 

presentation of tlie same slides illustrates %he differences which still 

existed after practice. It is ^rohahle th'^t, refering hack to Figure 1 on 

page 2, the skilled player uses information from the long tenrv store to 

■ . ^- " 

guide their selective attention.. " ^< * • 

' ' ■ . • " • ^ ■ .\ 

A. somewhat related phenomenon is cue Abbreviation. Skilled players 

are able to shorten their proc^ssing'time by predicting from early enViron- 

mental cues rather than waiting for fxirther information from the environment. 

It is possible that highly skilled performer^ have gnost:^c ^units, such as 

those postulated by Knorski (l967)> which enable theip to quickly predict 

the krrival of objects and subsequent information only serves as confirmatory 
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Figure 5: Average number of eye fixatjons 
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Figure 4: Average ^ime of i:ixAfioti 
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Figure 5: rye movement patterns of ski Ued and unskilled Js I 
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evidence, ' • * ^ 

<^ . . .' 

There is infopiati on (Whitings 1969; Bassiri, 1975) that individtials 
may vary in the amount of information necessary for predictions, apart ' 
from their skill level. It has beeri suggested that a^^areness of the- 
style of processing information may he helpffil^o the teacher in enabling 
him/her to use appropriate teaching cues for* learners of various" types. 
For a late sampler , attention might "be ^directed to the availability of 
early cues which may be interpreted;" while for an early sampler, the 
teacher may wish to suggest 'strategies for delaying response initiation, 

"Theire seems to be some difficulty in attempting to measure processing 

^ ■ ' y % ^ * ' ■ ■ 

time of different subjects,' but Davis (1972) has suggested that in coiisidering 
'the perceptual aspect pf the-ycoincidence-antincipation task, we look at the 
• movement -response time (tiST). This is defined as the^ time left, after 

processing, for organizing dnd emitirig a movement response • This is a 

. . . ■ ■ ■• ■ * • 

. ■ . . .... . - 

worthwhile suggestion since it seems tb be a more accurate assessment of the 

(' actual performance task confronting the learner., TThat we don^t know is 

^ether th,is ^mieasure is^a^f^ected by the necessity of organizing a movement! 

however, it seems that it would be. This brings us to a consideration of 

. . • . ■ - " - ■' 

movement orgainizat ion .from the standpoint of the delay inherent in the need 

• ' ' • - ' - • ' j 

to either select from among alternative . responses or plan a new response! 

. Movement organization . Subsequent^ l;o the processing of information ta* 

performer must decide what to do about it. '^''How shall I move in relation 

^ to the. stimulus configuration confronting me? As you can imagine, -highly 

- / * • ■ • . - ■ - * 1 

skilled performers have a richer backgro\md of movement experience and so 

can organize a^ appropriate match more quickly or choose one which matches 

from an* existing repetoire. The ability. to select and/or organize an 

appropriate response may be related to the concept of motor schema, first- 

suggestecl by Broadbent and, Welford but rec^tly revived by Schmidt (l97'0. 




According to this theory , th^e more escperienee an individual has the aore 
sets of perceptual-motor matches are available and the more quickly new 
sets ean be interpolated. There is also some indication that more exper- 

ieneed players utilise strategics of response selection which are more 

.• . 

rapid than tho§e employed "by inexperienxsed players. 

i / ' ' * ; * 
Reaction time. The delay which is d^e to reaction time i^ similar 

to ihe processing lag due to transmission of information into the system, 

except that in this case the information is being transmitted out: It 

is the .time'^between a command ai;id its initiation. Normally reaction 

.tipie is/tested' by having'^'the S release a key with the onset qf a iight. 

The lag due to reaction time does not change, except with age ( and 

possibly due to fatigue, or chemical changes in the nervous system). 

... 

The performer in a reaction time situation which is appropriately structured 
may learn to anticipate the onset of the stimulus and initiate the response 
in order that its completion be ^c^ihcidenV with the onset of the stimu-lus. 

Due to the decrease in reaction time with age it is clear that younger 
children must initiate their movement responses earlier than older children. 
In the c^e of a task ^/ith involves coinci^ence-anticipe^tion it is clear that 
younger "children would have to predict and initiate thfrir responses far 
earlier than older children. JKiis notion was supported by Stadulis (l9Xl) 
and Schwartz (l97l+) when one of the object speeds, due to backspin on the 
ball, failed to accelerate at the expected rate but instead declerated. The 
obser^red error. led to the conclusion that in the ca^&^of the younger 
children, the response> had been initiated prior to the point in the tfack 
at which the slowing occurred. The ability to control the occiurrence of 
this event experimentally would give Us tremendous insight into the processing 
of information by different age groi^is, at different speeds,, at various angles 
which has been difficult t6 obtain effectively. 



Movementi time Unlike reaction time, movement time is modifiable. ^ 
The speed of movement may be increased bjr incroiase^^n muscle strength, 
recruitment of more mptor units, and the shortening of lever length, to 
amongcother possibilities. Skilled players tend to have consistent movement 
time and seem to rely on Judicious use of delay tQ coincide the completion 
of their totdJl movement with the object, (Feloian, 19^; Hubbard and Seng, 
19$hi Spaet^, 1973) Regardless of how the" execution of the movement is - 
accomplished and the exact timing of it, the performer must acexirately 
assess the a^ival of the object and initiate ^^^response one RT and one 
MSP prior to the arrival (pr estimated arrival) of^ the object ±n order to 
be coincident wit^ i-^, " ' 

In order to account for a majority of the variables effecting the . ^ 



individual's ability tb perform tasks reqfuiring coincidence-anticipation 
and experience. 



we should briefly consider J^^^^ de^th perceptions j.n.d., age. 



Depth perception. Depth peaf»ceptiOQnis the ability of the individual to 

^ i 

determine the distance b'etweerv two objects which are varying distances from 
hiid/her* l-Jhile it is likely that the individual could learn to interpret 
ambiguous cues fdr depth with practice, much in the same way peripheral 
.vision can be improved with practice, there is prpbably a threshold for each 
individual which is determined by various system parameters. (Retinal 
disparity, which is a binocular cue and therefore crucial at distances 
greater than 20', may be an exanqple of a system paramrter which effects 
this thr^hold.) Depth perception is significant because individuals who 
can resolve finer cues^ of this nature may be able to assess ball flight 
changes,! accleration, decleration, more rapidly and readily and thereby 
leave themselves more time to plan or . organize a,nd initiate the appropriate 
response. 



3*n.&. Another factor related to the individuals perceptual ability 

is tiie Just noticeable differende, (j*n,dO« refers, to the amount 

* ^ 

of^ change of one Stimulus^^ as in an object which travels toward a Flayer, 

^ - . ' f 

or the magnitude .of difference, ^between two stimuli, as in tw5 objects 

at different^distances from -llie^ player , whi^h ^s necess^ary befofe*a^ 

individual can report that there is a difference. In the case of\ J 
, a.-j^ovins object 'this may refer to the ability to detect acceleration 

and decJTeration of the object as. well as constant velocity ♦ ^The J;n>d. 
\ is usually reported 'as a pe;rcent*.' For velocity this percent hal been 

reported to vary between 25*-H0^, A study is .underway, to determine the 
/'extent of individual differencfe.in this -parameter and the extent to \ ^ * 

which xt actually effects prediction, * 

• • ■ / ■ • ' • > ^ , " . . 

Age, Regardless of which|jpf the variables is chosen as the 

V ' ■ . ' * ■ , ^- ■ 

indicator of coincidence-anticipation ability, -it is clear that ability. 

■ / . . " -/^^'^^ - ^■ - ^ \^ ' ' ■ • . 

to coincide a response with a moving object increases with age, Ah--^ ^ 
interesting finding, however, is that young children seem to' h%ve' greater 
difficulty with slow moving objects. The information with respect to 
age is difficult to interpret due to the confoxinding effects of information 

Q 

processing,, cognitive ability, immaturity of the visual apparatus, develop- 
ment of the nervous system, and the inabi^«y of experimenters to differentiate 
. among the different compon^ts of the task. One suggested way of looking 
• at the components of the tas^c is presented as Table 2.. (Sothstein, 1975) 

Experience. A niimber of studies have been presented which have pointed 
up the differences in coincidence-anticipation, or prediction ability, between 
skilled and unskilled players . The problems associated with processing of 
'information from the enviroranent have been mentioned, but, in addition, the - 
factors of perceptual speed, availability of schemas, and the early sampler, 



late sampler problem are also relevant. Relative to the question of, "l)hat 



TABLETS}; Dc^Uneatlon of sub-aroas of cofnclclegica-antlolpatron^ 



A« Sonsory components / 
Visual acuitY^ * / 
Itepth perception * / 
Peripheral vision / 
Interpupt Mary cllstance * l 
Eye-hand. dominance ■ ' ^ . 
^Othiprs to be added v 



/ 



Perceptual connpbnents , « . ' 

Spatial dlserrrnination: differentiate o^ect directions 
Temporal discrimination: differontlate ^Ima units ' . 
*^^- Spptial^temporal discrimination; differentiate .comblnatVcn^ of 

■ ^ events ' . * 

Cf Centpal components : V ^ ' v ' 

V ^.^Spatf a I prediction: anticipate wh^re ob'ject will arrive 

Temporar-predlctlori: anticipate' v/heri an object v/ill arrive . 
Spat I a I- tempore I prediction: antlcrpate v/hen and \yhere aih object ^ 
V ' . ' will arrive ' 

Oi» ftotor, components , _ ^ o ^ ' 

jSpatlal control: retjujation of output v;lth regard tb^ direction and/or 

distance . > ^ 

. Temporal^ control: regulation of output wHh regard to time ^ of inflation 

. . \ and/or Ihtra-movement variables 

; t Spatl al-tempdra'f control r/egu I at ion of both, aspects, s Imu It^neousty * 

E« Perceptual-motor components ^ 

<aSpattaf Integration: Interaction of the three. spatial processes 
- / Temporal integration! interaction of the three temporal processes „ 
Spatlai-temporal Inte^ratl-on: Interaction of the three spatial- 

, temporal processes 

Strategies In^ prediction, ^ / : 

Space cues ^ ( , ' 

Velocity cues- . ' 
Time cues * . 

Orienting strategies ' • 

Schemes j * - , 

Cue abbreviation . ^ 

^Others to be added ' 



iThls table Is not Intended to be a hlerarchial presentation In a develop- 
mental sense since only limited Information In t-his regard Is presently 
aval lab I e. 



< 



Game first, the ability or the experience?", a recently 'completed study 
by Stankard^(l975) repealed thatJiigh school students who vere not inr 



volved in sport acti,vities' to a high degree formed tvo distinct, groups 
When tested on a spatial prediction task. (Haskins,' 1^65) The better 
group, with more correct responses, was not significantly different from 
a group of varsity open ^kill athletes in the college s^le^ The poorer 
high sbh-ool group was significantly different from both the better group ; 
X and the varsitj^ college sample. The question' arises as. to whether the 
^y€irsity ^)lay0rs were better abl§ to precLict because of their experience 
or did 'they 'become varsity players due to a superior? ability to predict? , 
. It would seem clear 'that in teaching individuals skills which involve 
coincidence-anticipation the limitations imposed by individual differences 
must be& considered. Thbse reviewed her^^t/iare: processing delays, moVEment 
organization, reaction time, mov^ent time, depth perception, j.n.d., 
age, experience, and possijbly/ perceptual style. Let us/' turn now to 
another catagory of factors bxA consider aspects of the enviroranent which 
effect performance. . 

THE ENVIRONMENT . . ' ^ , y 

There are several factors . related to the total display ' 

Which may influence the per^peption of and consequent prediction of the 
object. These factors relate to: the number of potentiai|Jiy relevant ^ 
stimuli in the environment; the placement of stimuli in the enviropment; 
the size of the cdisplay^-ithecconrplexity of the background; the signal- 
to-n^4^e_j:a^^; and the degree of prominance of the regulatory stimuli. 
The latter three factors can be grouped under ^the broader heading, figure- 
ground.^ 
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... . . t . 

HuiriT:>er of potentially regulatory gtiinuli> A potentially regulatory 

stimulus is one which may have relevance for goal attainment through 

. • . . * ■ ». • 

constraints *updn the motor plan • As the number of potentially regulatory 

st^imuli^ increase the time required for processing and perception will 

increase* For most sof1;ball players, as an example, the preliminary motions 

of the pi^chfer have "^ome relevance Or potentially relevance for the initiation 

and/or spatial configuration ,of the swing. An xinskilled or^j^nexperienced 

pl4ye3> may not be able to discriminate as effect^ely as a more 'skilled 

pifiyer and so may attempt to "$ittend to" in^y more of the stimuli than 

is necessary. In the Bard study, feff erred to earlier, there was- a'mariced 

difference' in th^ numb6r of stimuli "looked at" by the unskilled as con- / 

jitrasted to the skilled players* For the unskilled player all of the 

. . . ' • ■ ^ . ^ - . ■ - . ' * ./ .- , I ^ 

stiniuli "looked at" were T)otentiall y regulatory, for her and much time 

... 

was wasted ^processing the irrelevant information* The skilled players 
were quickly able to eliminate many of th.e stimuli tKereby reducing the 
time spent. It is clear that this ability is largely a function of 
experience and sieems to be situation specific although it may be that 
skilled j)layers have different looking strategies trtiich may be useful in 

other situatipns as well. 

& ■ , 

r The placement of stimuli in the environment * The placement of stimuli 

in the environment and the total size of the display are somewhat related 

in that the latter will be affected by 'the former. If the placement of 

the stimuli are such that the player must make both eye and head movements 

in bringing them into focus the time to process the information will be 

{) ■ , • ' * 

greater^ than if only the eyes move, and that will take more time than 
if the entire display is visible without moving ther eyes or head at all. 

If in addition to the size, the environment is also unfamiliar then pla^rers 

. ■ ■ 

will make many more orienting responses to inappropriate stimuli. This 



teridancy may iDfe greater on the part of a player who ia^-less skilled* « / 

Fi giir e-gPQxuid ; Inc^^uded h^re are the factors of backgroimd complexity, 

sigaal-to-noise 3?atio, and the degree of prominance of the regulatp^y 

stimulil It is clear that the degree to which an object stands out froia the^ 

background -will influenqe the Ss ability to accurately predict objiect* • ' 

characteristics* Gottsankei!^ has completed several s'budies In which, the * / 

background^ behind a laterally moving object was varied and has concluded 

■ ' ' . / ' ^ ' ■ • • ^ . 

•J^hat^the variabilijjy effects prediction/, In addition the .degree of -complexity 

•. -■ ' ' ^ ■ ^ * . ■ 

of the background seems to effect .the ability to selectively attend or to 

* pick the object out of the' background i*apidly* Oddly enougfxV however? ^ 
the complex background appears to "force" the S_ to concentrate more 
vigorously on tUe object and'thi*s ^concentration seeitiiai to carrjr over to 
pertonnance in a simple backgcound. l^on transfer to a simple bacl^ground 

• Ss who learned or practiced in a complex background situation in their 

/ V;; - :^ ■ ' ' 

performance markedly, feven to a greater exteilt thaft ^4 group which began oij. . 
the simple background. As might be expected, performance for the group 
switching from the simple to the complex background deteriorates rapidly.. 

. Increasing thb signii-toinoise ratio increases the difficulty of picking 
out the regulatory cues. Williams (l9T3) sugge&ted that children tend tb • 
have high signal-to-noise ratioss Is it possible that the same may be ^ 
true of unskilled players? ThiS again will have the effect of increasing 
the processing time. The signal-to-noise rfetio can be redticed by removing 
* alitor part bf the noise ftrom the environment. Those stimuli which 
represent* noise, however, Bhoxild gradually be added as the regulatory 
stimuli acquire value for the player. A related con9ern is the prominance 
of the regulatory stimuli. In sport a player must localize, detect, resolve 
and recognise the- ball and predict the arrival time before choosing a move- 
ment pattern which matches C The prominance of the regulatory stimuli 
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will effectively decrease th^ time necessary to accomplish this. In «a 

study ^^ich investigated thQ enhancement of regulatory stimuli with 

day-glo paint. Coupled with the use of black light drills |(Antonaccio, 

1972) it appeared that the experimental group of intermediate fencers 

were "better able to successfully avoid touches ^ "by parrying and other 

defensive ijeasures,, than a group of intermediate fencers who did the 

same drills with the same experimenter under normal flight without day-glo. 

The stimuli enhanced were the foil tip and the target and the fencers . 

drilled, undffc the assigned condition for l/h of ^ the total class time 

- per week. When the .study was replicated a second time, with "beginning 
. . ^. . ^ ^ . ■ * 

fencers., no significant differences were noted. "'It is possible, however, 

that the "beginners had to devote so much attention to the actual motj^r 

output that they were tuaable tq' devote attention to the environment to 

the extent necessaoTr* Similar findings were noted by Raskins, cited 

previously, in reporting on the use of a spatjial prediction film for 

.* ■ ,0 . . " 

• tennis. She concluded that although the spatial prediction ^ability of 
► '■ ' . * 

the beginners improved, they could now get there faster and sooner, the 
' ■ ■ ■ ' - 

lack of a concommitant increase in the motor control aspect prevented 

t improvement in the overall ability. ^ 

One major difficulty with should "be mentioned relative to the use of 

' 1 \ 

these techniq^ues, is that different players may' use different cues from 
the environment and beginners may us^ different^ cues than do intermediates' 
or experts. Therefore we need to be sxire that those stimuli which we are 
enhancing are indeed the ones which are'^most appropriate for the level 
t of student' werare working with. 

Generally we may conclude that some background* against which the object 
may be Judged is necessary, but the the degree of complexitV, the nois'fe-to- 
signal ratio, the size of the display, the novelty of the display, and the 
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proMn^ce of the regulatory stimuli cruciaf td the detection j localiz^ation, 
recogniti^, ^to^ all of which are pre-re,quisite to ^^ 

fitcciarate prediction. . , _ * 

. - " ■ - ^"^x <l • ■ - ' ■ . ■ ■ . ' ■ 

^. ■ ■ ■ . V\ , ■■' . • - ■ * V ■ ■ ' - 

THE OBJECT ' • - 7 • . ^ ' • 

Due to the unsystematic nature of the total research effort in the * ^ 

•;• . ■ * . ■' ^'^ ^ - ■ , 

area of coincidence-anticipation, it would seem impossible to make^any& - . 

, general St dement ^ : about the effects of object^ 'characteristics on ' 

/performance*^ Couple ^this wi^th BOjm 0 the difficulties of what ' actually 

\ ■ ,^ i . ^ . ." - ■ ■ • ^ . • . • ' ' X, ■ i , ■ 

; constitutes an apptopi^iate . independent variable and the generalisation - . 

- ■ ■ ■* , ■ , ' ■ 

^process becomes even more difficult. In si)ite of these problpnis and % . 

%hers-to be/ mentioned it is possible to mke some tentative statements ' T 
about the variables. Those to be considered are; 'speedV di^rection, angle, 
viewing time, prediction distance and object flight characteristics. ^ ' 

itet us turn b^riefOy to some problems effecting the interpretation ^ * 

... * ■ »» 

of the effect of the variables to be considered. It seems useful to . 

' ■• • ■ ■ / ■ . ■ " ^ ■ % ^ 

consider the notiorf of the hitting zone as perhaps 4 more reasonable 
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ct)ncept than intercept point. An object passes through the'' intercept ^ 

^ - *^ ' 

point but cannot really be aaid to be;/*in" the intercept point. It is 

'^^ -V- "■ . " " . ' ■ ' " • ^ ■ 

more i'^alistic^in terms of the, idea'^to be developed, to speaJk in terms 

of a "ivitting zone" and to relate speed and. error measures to the time the 

ball is /in the hittibg zon^ and avaiilable f oy the player.. In addition 

V - ■' . ■ " 

we may c^onsider the various strategies a player may use to change the 
size pf t]tie hinting zone and so reduce the likelihood for error. For 

'■■ :7- ■ ■ • . ' . ' 

example, )a player who is executing a one^ hand catch of a fast ball may 

ra; • ■ 

"give" w^h the ball to a greater extent than he would on a slow moving 

y /' ^f. ^ ■ ' ' , . 

oabject/. [He has, in effect , changed the catching zone. He can, in 

this ;5^ay, compensate for errors which may be made in the prediction of the 

^ ^" • • . , ^ f/^ n ' 



arrival^of thl object or in the response ex^ut ion. 



• > 
2^' 



If we accept the concept of the hitting zone than it' makes* sense to look 
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error in terms of "where" in thei hitting zone the player*- contacted "the' * ^ 
"bail* This ms^jT l3e true .in. the case of the intercept point also, "but there . » ^ 
' are other 'pluses to the hiHing zone concept . Distance er]^or woxild not 
: Ve effected by the speed of the object In the same way the ^fme errqjr would... 

■ . , ■ ■ ■■• ' ; ■ . - ■ . 

Consider for example the information presented^ in Table 3. The length of the., 

hitting, zdnfe has been arbitrarily set at one foot for ease/ of calcxilation 

ana it'ds assumed that, the S makes a ^0% error in each 'case. If absolute'^' * 

temporal error is -used then it -appears that the slow ball speed causes the / " , 

S ,to make larger; errors, when in factj ,if we look at distaai.ce error, we 

find that the was actually Equally clos a to the intercept point, the 
' ■ " . - - ■ ' ' ■ _ ■ 

exact center of the hitting:^one, in all ciases. In Inost studies the Ss 

don *t make 30% errors &t all of the speedj?, but they do appear to be 

. . . . • ' r- ■ 

less, accyt^ate at the v^lower speeds when temporal error is used as o\j± 

' • ' y . . ■ • ■ ■ . ■ * * 

measui^ of accuracy. Distance error, then, appears to give a more accurate ., 
picture ^of the subject's perfbrmance. In addition, ^'^th temporal error any 
comparision between or among speeds will give fallacious results and so"' if 
. temporal error is«bused the comparison should be limited to within ^peed or . 
within track analysis . - ' ^ 

- In orcler to see what differences^ this conversion wuiiid make the data 
from two studies has been converted. In the Pavlis study (l972) data, 
which iS' presented as Tablie U, we ^ee that the 7 year olds were still 
poor,, with the distance error conversion, at the slow speed, but, for the . ^ 
9 and H year olds the change in dependent variable would lead'^us to conclude ^ , ^ 
that as object speed increased, accuracy decreased. ^ 

For data gathered ^by Alderson (l972) the * differences in directional " 
error for spee^^ver ^stimulus distance and in vaariable ^error for speed over 
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OBJECT SPEM> (fps) 2.5 



10 



20 M- 



TIME Br 
HITTIMG ZONE (sec) .1* 



.2 



,05 - ' .025 ' 



fEMPORAIj 
ERRORCsec) 

^ - • \'' 

DISTANCE 
ERROR (in.) 



.2 



.1 .05 ,025 .0125 
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TABLE 3: - A" COI-iPARISOH OF TEMPORAL AND DISTAJ^CE 
, ERROR SCORES. IN A . 
, - , . COINCIDEircE TASK 
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\;^Tabie 4* Mean distance error for -hgn^ sex, and feedback* 
;^ (data fconvertod f rom Pavl IS, 1972)' 
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.067 
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.075 


.26' 
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stimulus distance vtiexx distance error is used are apparent. -Th^se* are ^ 

presented ss Ti gates 7, 8» 9, 10. It can be seen that the differences 

'become iaore marked vhen the data are converte'd, although in the case of 

the veldcity-stimultis distance comparison (mean directional error) the 

shape and 'relationships remain generally the sa^^ (Figures 7 land 8) 

For the variable distance error; in contrast to*the variable i±me error, 

the relationships" among the three curves appear to change somewhat. 

(Figures 9 £tod 10) Interpretati<4 of the velocity-stimulus distance 

data shxjixaa be tempered by the Observation, reported, by Aldersoh (1972) that 

diiefereni; personality types seem to have different directional error patterns. 

tChis tends to support a notion mentioned earlier with regard to individual ^ 

' ■ « - - ■ 7 J "/ ■ 

differences and coincidenee-anticipation behavior.- The information just 

presented would suggest that we view interpretation of data based upoii . 

^ . • •■ . ■ .- \ 

temporal error measures with caution. 

■ ■ «' ^ ■ ' 

Another problem associated with interpretation relates to the use of 

apparatuses of various lengths, from 'U* to 25*/ Alder son reported surprise 

the finding that his results were compatible with other data gather 

over shorter ball distances. It may be that the time a ball is in motion 

is an important variable rather than the distance traveled. We can use- 

the eqiuation speed = distance/time and solve for time. Therefore time = 

speed/distance* In Alderson's approximately 2U' of track a ball traveling . 

at lOfps would travel to the intercept point in 2. .seconds; a 20fps ball 

woxild reach the intercept point in 1.2 seconds; and' a 30fps ball in .8 seconds • 

On a 6' apparatus the ball traveling at 3fps would reach the intercept point 

in 2 seconds; a 6fps object in 1 second; and an 8fps object in .75 seconds. 

Since we have not teJfeted the same Ss on the ^different apparatuses this 

hypothesis has not been tested. In a study by Felman (1966) it was.n6ted 

that optimum performance was obtained at the highest speed for a 1^' distance. 
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Figure 7: Me?ui dif^ctional errpr (time) for velocity aiid sl'fil'mulus 'distance. 

" - . ' (Alder&on, '1972) 
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PREDICTION DISTA&CE (Feet) ' • 

Figure IOj Mean variable distaace error for velocity and prediction distance 

eonvrerted from Alderson, 1972 



the speed of the object was 6.8fi)s, and for the slowest speed, 3.1fps, 
'^optimum performance was obtained at the longest distajxcoy 9'. This may 
be related to the difficulty inherent in judging s^ow speeds, possibly^ 
^ue to the -j.n^d* problem, or to the fact that in Felmari's long track 
eye-head movment was n^essary a^ in the short track it might not have • 
been* - ^ . . 

- A final difficulty inherent in the interpretation of results is the 
observation consistent, three and four way interactions in many of the 
studies which have manipulated object variables* The efficacy of drawing 
generalizations about each of the variables in turn is therefore question- 
^able« In addition, the difficulty of measuring coincidence-anticipation h 
.ability in the normal environment is apparent and has necessitated th^ ' v .: 
design of many artificial means of maniptilktS^g object phjaracteristics. 
Please bear this in mind and note that as a conseqtleiice. the statements 
•'to be made here are tenta'i^ive understatements at best and subject to 
many if^s* ^ . 

. Speeds Young children seem to have greater^ difficulty with slower 
speeds and tend to be more variable in their responses; while"' older 
children tend to be more accurate at the slower Speeds and shofr increasing 
errdr at the faster speeds; it has som^imes* Been noted that 'unskilled 
players are similar to^ children In dif f iculty^ with slo;w speed objects • 
. . Direction > Direction of the object may ^e towards or away from t'he - 
player or may liove across the -playei^s; line of vision, and in this context, 
may^ move, from rl^ht. to left or left' to^ right. It seems that objects 
moving toward the . S _ are more accurately predicted or anticipated 
than objects moving away from the though there are some studies which 
have failed to demonstrate a difference in this variable. It has also , 
^been noted that £ can 'better ^udge •an object coming toward her/him than • 



those which move across the iine^ of vision/ It also seems that Ss have* 
more difficulty vith object movlng^from right to left across the line 
of vision. This^ finding may be somewhat related to experience and will ^ 
he mentioned again in another context with regatrd to a study by Snyder(l96^) • 
An interesting study may be to not only have the object move toward the 
but to have the S move toward the object and either, have the self-initiajbe 
and control movement or have the movement externally controlled, as on a moving 
sied. , 

Angle, The angle of the object refers to the right, left, and center 
location of objects.. with regard Ho the S^, General!^, young children appear 
to have difficulty with objects which are either to ! the right or the left, 
but older Ss appear to have difficulty only with objects to'^the left. It is ' 
unclear exactly why the observation has been generally noted but since 20% 

■ ■ .\ " l- ■ . ■ 'i-'-. ■ ■ /• ■ . 

of the population is leftf-handed we can assume that in any- random sample 



for an experiment at least B0% ^br more individuals /will be right handed. 

■ ■ ■■ r ' ' I ■ ■■ / / 

It may be . that dominance jand ability to interpret objects traveling at 
"Various angles^ If this ,were true^ simply repiipating some of the*wqrl^ 

■ ■ I ' .■■ /\ . \ ' - 

with a population of left-ba*ided Ss dLould give/the opposite results, they 

^ *■ ^ ■.■.<•/■, 

should have greater difficulty with objects from the right angles/ Another 

•*"/ '■ 

possibility is that the world ^ is generally" a right handed one and individuals, 
regardless of hand preference, must -learn to interact with it. We may €^Lso 
invoke the idea of schemas in. explaining the developmantal and adult 
observations. 



Generally, with respect to all of the above variables, it has been 

rtoted that a particular^ coitt)inatii® of speed, direction, horizontal and 

' . * ■ . / • • • ^ . . * 

vertical angle will produce the best results . This would -lead us to 
suggest that studei^ts would do best^dTf exposed to a wide variation of 

... . . " Y ^ ■ 

combinations of these variables. In addition, it would be interesting to 



survey, the world of objects deteiiaiiie vhich -segments of the vorld 
of a tyt>icaa subject in a particular sport are most;, used and determine' 
'vhether that observation coifresponds with our experimental observations^. 



'^soccer players who have " " - . . ^ 



?ther* individuals who participate in sports^ inlwhich objects 'generally 

move in. a: particular segment of the world should be better a,t discriminating 

and predicting, and responding to, objects in that segment .\ Fori example, 

never played sports which involve use of implements 

held in the hands or rej^ponse to objects tei the j&idline of the body, should 

' - ■ . / - ' " ■ / , * ■ ' . 

not do as well in predicting the arrival of^ objects in Haskins (1965) film 

as tennis players. 

Viewing time anot prediction .distance. The bxilk of research on viewing 

■-. ' I ^ ' ■ ' ■"■ ■■■■ ■ ' 

time feiid predictio;! distance has been conducted at the University of Leeds, 

under the direction of H.^. A. Whiting. Initial studies looked at the effect 

of time of bail flight illumination and catching performance. The longer . ^ 

the S viewed Jthe*^ ball the greater the improvement in performance. 

^ The next stage of work related to the manipulation of viewing time, or 

' * ■ ■ ' ' '. ' ' ■ ' ■ . 

stimulus distance, prediction, distance, and speed. Alderson (1972) used 

' - ■ ^ . ■ ■ >. 

a constant speed array involving linear motion from right to left, and 
found tha<x increased variability in response time was associated with longer 
prediction distance and increased speed. Stimulus distance results were 
confounded by effect of personality. ^ ■ ' 

Whiting and others then pursued a line of investigation which led them 
to vary the viewing time and the occluded time in the hope that the Relationship 
between input and mov^ent organization could be est^lished. The speed of 
the object was not varied/and only "good" catchers were used as Ss. The 
initial paridiga is . illustrated as Figure 11 arid the obtained Results seem 
to indicate that with a viewing period of 80 msec an occlusion period of 
160 msec seems to be optimum. In a second' study, the paridigm is presented 
as Figure 12, viewing time and octslusion time were varied. The observed 
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DAiaC PEBIOD VIEWING PD. OCCLUDED PERIOD lAOIENCy PERIOD 

VARIABLE • 80 msec VARIABLE 125 msec 

. 0-375 msec ' . ' '^^ « 

— - — — 1 — 580 msec constaat---:— —————— — ■ . 

• " Whiting and Sharp, 197^ 

Mgure 11: Paridigm for viewing time experlB^ 
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MBIC PERIOD 
COKSTIANT 



VI EOTG PI> . 
VARlABIiE 
20-l6Ctasec 



OGCLUBED PERIOD LA!PENCy PERIOD 
VARIABLE CONSTAKT 
d-ZhO msec 



-580 ° ms ec' const ant- 



Sharp and Wiiting, 197^ 

Piigure 12: Paridigm for viiewing time experiment °2. Viewing 
• period witliin»;S;J occluded pferiod between S. 

■'- ■■ - ■ •, .■ \ • ' \' 
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results are presented as Figure X3- Please note that the original ^ 
presejitation "by iliiiting had the variables i^eversed with the "between 
Ss variable as the horizontal scale and ^the within Ss^ irariabie indicated 
by iiidividuai lines. , For clarification of type of variable the figure 
has been reversed. When the prediction distance was long^ in the results 
presented here, it did not matter how long the & viewed 'the object; when 
the occluded period was 160 msec performance was^ better with 80 mse<^ or 
more of viewing time; when there was no occlusion, performance increased 
as^ viewing tijue increased.^ However the optimum occlusion distance seemed 
to be 80 msec, leading to the conclusion that the 0 (occlusion served to 

force the into a modis^of behavior which was abnormal in relation to^what 

, ■ . V , .,- . - ■ ^ . « • 

would pccur if the entire object flight was available* Knowing the ball 
woifld be occluded may have eaused the player to watch t^he ball longer than 
would be normal or necessaryV In a "real" situation it is likely that the 
S would monitor long enough to select a preliminary response and that 
continued monitoring would-be' for the purpose oJ' refining the selected 
response and^ verification of the choice. Hdwever, ,knowing the pcclusion 
would occtir may have casued the to be more reticent about "sharing" 
his attention between object monitor jLng and movemeht organization, and 
at the 0 occluded condition he tended to^et "cSught" without an adequate 
plan more often than in the 80 mpec occlusion. Viewing time may therefore 
^represent processing time and the occluded period movement organization t^ime. 

It would seem wiser to use a continuously visible disply in which' the 
object speed could be manipulated at various points in order to find out 
when changes in object speed, or acceleration-declerajbion chm'acteristics ,* ' 
will fail to evoke a concommitant change in the Ss movement organization. 
Such »an apparatus has 'been designed and may presently be availble but is 
very costly since it utilizes computer operated displays. 
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A jBiox'^ applied study vas conducted by Snyder (1966) in which a pair 
of outfielder glasses tms ^sed jto vary the visual oaclusion df a texmis^ 
ball* It seem^ th«ft on the forehand drive the player wa^bt ill 'success fva ' 

if the viev pf the ball was occluded at the farthest distance, 9* . For the 

T , , ' ■ ' „ . ■ ^ 

. baclshand, ev^n in the case of the experienced players used in the study, 

the longer , the players could see the ball when it was traveling at the fast 

speed, the more accurately the player could hit it. , Note that backhand . 

Objects come td the non-dominant side of the body and so these results 

seem to be similar to some of the others, even thotigh the techniques are 

^slightly differehtw% The question here is whether the difficulty observed 

is related to the angle of the object, the difficulty df the motor- organi- 

zation, or the the difficulty of the integration. It is possible that 

objects to the forehand side^ are more" readily "encoded" and, "predicted" f , 

through u^e of cue abbreviation, so that the information closer ^han 9* 

was redundant* Balls to the backhand at faster speeds neteded to be attended 

to for the longest period of time possible because the adjustments and movements 

tend to be less sutomatic. Although the experience of the players varied 

from t-22 years the data was not reported* in this manner ana so some of the a 

possible hypotheses would be did^ficiat to assess with the .available data. 

Object flight characteristics > It appears that object^ traveling at 

a constan^\rate of speed are more easily predicted than are objects which 

accelerate and these in turn are simplet.;than objects which are federating. 



SUMMARY ' n 

ItX must again be reiterated that there are many problems associated with 
the Interpretation of the object characteristics because of the interactive 
nature of the variables' and the difficixlties inherent in some of the research 



'designs^vhich have been employed particularly with regard to what is 
.Imown about information processing. Even so, the information has been"' 
.organized according to aft information processing model vith particular 
attention to the characteristics of the the characteristics of the 
enviromaent and the char.acteristics of tjie object and the effect of 
these upon coincidence-anticipation ability and performance. It is 
hoped that Idiis consideration and the application of some- of the ideas 
by 'the teacher of skills may help to facilitate learning and performance 
in open skills. 
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